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Introduction
Most recent advances in technology have favoured the research and development of smart sensors with numerous applications [1] . Specially, temperature has become an important variable to be measured or controlled [2] . Temperature monitoring with smart optical, wireless devices is convenient for many applications such as conservation of historical artworks in places of limited access [3] , for food industry, mainly during transport [4] or previously to consume [2] , for the monitorization of water in fish farmers or nurseries [5] , etc.
The sol-gel process is a chemical technique for the preparation of metal oxide materials at room temperature. Normally, starting from a hydro-alcoholic solution with typical precursors as metal alkoxides (sol) a three-dimensional amorphous network with M-O-M or M-OH-M bonds (gel) after hydrolysis and polycondensation is obtained. The drying process serves to remove the solvent from the gel and further thermal treatment helps to continue the polycondensation process [6] . Gels are ideal matrices to act as host for sensing purposes in contrast to liquids which are highly instable and evaporate.
Moreover, solids are too rigid, avoiding interactions with the external environment that decrease the sensitivity (in addition to the difficulties to incorporate organic matter into solid matrices). In the last decades, sol-gel materials have demonstrated their utilities for the encapsulation of molecules preserving their properties and showing reversible behaviour to external stimuli [7] [8] [9] . Several studies on the influence of additives, like surfactants [10, 11] or capping agents [12] into sol-gel matrices, have shown the interaction between dopant -host matrix and the modification of the gel properties due to this interaction.
It is well known that the incorporation of cobalt into a variety of glassy and crystalline matrices provides them with interesting optical and magnetic features, which strongly depend on the ionic state and coordination of cobalt. Thus, in this research we have prepared sol-gel monoliths starting from different precursors doped with Co 2+ ions with thermochromic properties. Actually, optical properties of Co 2+ in water/alcohol mixtures show two coordinations, tetrahedral and octahedral, which display bluish and pinkish coloration respectively [13] . A specific study of the optical and magnetic properties of the thermochromic resulting material is performed. Furthermore, to clarify and confirm the exact structure and near cobalt environment, which allows sensibility and reversibility to temperature changes of this material, X-ray absorption spectroscopy is used. Both X-ray Absorption Near Edge Structure (XANES) and X-ray Absorption Fine Structure (EXAFS) spectroscopies are helpful techniques for structural studies of materials (coordinations, nature of chemical bondings, symmetries) [14, 15] , including Co-doped matrices [16] .
Experimental
Sensors synthesis. All chemicals were used as received without further purification.
Alkoxides and alkyl-alkoxides: tetraethylorthosilicate 99.0 % (TEOS), showed colours from light pink to intense blue. After 5 min they were cast into cuvettes and hermetically sealed to avoid solvent evaporations. Table 1 shows the chemical composition of the prepared sensors.
Optical characterization. Optical absorption spectra were measured over the wavelength range 300 -800 nm with a Shimadzu 3100 double-beam spectrophotometer, equipped with an integrating sphere. VIS spectra of the sensors were recorded each 10 ºC from 10 to 60 ºC. In order to fit the sensors to the corresponding temperature, they were previously immersed into a water thermostatic bath for 15 min.
Characterization and structural study of the Co environment. The X-ray absorption spectroscopy of near edge structure (XANES) and the Extended X-ray Absorption Fine Structure (EXAFS) spectroscopy were performed on synchrotron radiation from bean line BM25 (Spanish-SPLine CRG) at the European Synchrotron Radiation Facilities, ESRF. XANES and EXAFS spectra were collected at room temperature in absorption mode using an ionization chamber as detector system. Samples for analysis were placed into aluminium holders and covered with kapton film. XANES spectra were collected at the Co k-edge between 7600 eV and 7850 eV at a step increment of 0.2 eV. The spectra were handled and normalized using the IEFFIT code.
Magnetic properties. Susceptibility of the samples was calculated from magnetization curves measured at room temperature in a Vibrating Sample Magnetometer (LakeShore VSM model 7304). The applied magnetic field was varied from +1 T to -1 T and the susceptibility was calculated from the slope of the magnetization curve after subtracting the contribution from the sample holder. 2+ ion in its neutral state has a 3d 7 electron configuration. In aqueous solution it shows a pink pale colour. Deconvolution of the absorption spectra was resolved in two overlapping Voigt Amp shapes with centres at 2.386 eV (520 nm) and 2.620 eV (472 nm) (Fig. 1 a) . The iterative fitting yielded to a coefficient of determination r (Fig. 3) .
Results and discussion

Co
Influence of the precursor. Sensors prepared with precursors: TMOS, TEOS, MTMOS, DEDMS, MAP and GLYMO and the same water/1-propanol ratio (6.2/8.4) were immersed for 15 min in a thermostatic bath, and UV-VIS spectra was recorded in steps of 10 ºC. The maximum absorption intensity at 667 nm was collected for each sensor and plotted in the following calibration curves at the corresponding temperature (Fig.   4) .
A matrix influence in the sensors which contain the same amount of Co ions are surrounded by the alkyl rest of the alkoxide and it showed no interaction with water neither with 1-propanol molecules. Finally, TM-4 sensor showed response times of 15 min, gelification occurs 3h after preparation and it was usable several months after preparation [21] . TMOS matrix is compact and pores size is small compared to other precursos. Probably this was the reason of such high sensibility of Co 2+ ions in this matrix [6] . Sensors TM-1 up to TM-8 were selected as the appropriate for further tests.
In order to study the reversibility of the sensors some hysteresis cycles were performed.
Absorbance after 15 min stabilization of each sensor immersed in the thermostatic bath was recorded in steps of 10 ºC from 10 ºC up to 60 ºC and vice-versa. Results demonstrate that there is no significant hysteresis and thus, a complete reversibility of the TMOS sensor in the previous temperature range is found (Fig. 5) . should reduce the area of the coordination shell in 33%, while the data in Fig. 7 exhibit only a decrease of 16%. The absorption of X-rays by the Co atoms can lead to a local heating that reduces the water content in the vicinity of the Co atoms which could account for this difference. Actually, consecutive measurements on the same sample exhibit a decrease in the area of the first shell that confirms the progressive degradation of the samples upon X-ray irradiation.
Renevier et al. [15] reported the presence of a pre-peak in their Co 2+ tetrahedral coordinated samples and the absence of this pre-peak in the octahedral ones, as a sign of the symmetry. In our samples the pre-peak is observed in all the samples with a tendency to increase as the water content decreases. This confirms, in the irradiated samples, the presence of some Co in tetrahedral coordination.
Therefore, XAS experiments indicate that the water content modifies mainly the environment of the Co atoms with a scarce modification of the Co oxidising state, so the changes in the optical properties are mainly due to modification of the Co coordination in the gel.
All samples exhibit paramagnetic behaviour as expected for isolated Co ions in a diamagnetic matrix. The values of the magnetic susceptibility follow a complex behaviour as Fig. 8 illustrates. The susceptibility is maxima in sensors TM-1 and TM-7 and shows a local maximum for the TM-4 one. Considering that the curve seems to have a large dispersion of the data, the experiment was repeated three times with different samples of each sensor, getting the same curve in all cases. This behaviour can be understood as the combination of two factors: on the permanent magnetic moment of the involved atoms or ions and on how easy is this magnetic moment to be oriented by an external magnetic field. Taking into account these two factors, TM-1 and TM-7 are the sensors in which the environment surrounding the Co 2+ ions has higher symmetry (octahedral in TM-1 and tetrahedral in TM-7). This higher symmetry means higher splitting in the electronic bands of the ions and thus, a higher magnetic moment leading to a higher value of susceptibility. The environment of the Co 2+ ions is changing from octahedral to tetrahedral in the rest of the series. Therefore, Co 2+ ions in sensor TM-4 are expected to be surrounded by a highly disordered and therefore, more isotropic environment. Although this fact supposes a lower value of the permanent magnetic moment, it is easier to be aligned by the external magnetic field due to the isotropic environment, which also makes the susceptibility to increase. That is why the value of the susceptibility of sensor TM-4 increases in the plot.
Summary
Sol-gel silica monoliths doped with Co 
